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A Method of Transforming Heat Energy to Mechanical Energy in a Low- 

Pressure Expansion Device 

5 The present invention relates to a method of transforming heat energy generated in 
an evaporator to mechanical energy by expanding an evaporated working fluid which 
is evaporated in the evaporator and expanded in the expansion device. The present 
invention also relates to an expansion device for transforming heat energy to 
mechanical energy. 

10 A great number of methods and apparatus for transforming heat energy to 

mechanical energy are known from the state of the art. For example, heat engines 
are known, in which a working fluid is heated isobarically in a boiler under high 
pressures, then evaporated and subsequently super heated in a superheater. 
Subsequently the vapor is adiabatically expanded in a turbine where it does work and 

15 condensed in a condenser where it gives off heat. The liquid, usually water, is 

pressurized by a feed-water pump and recycled into the boiler. One of the drawbacks 
of this device is that during the expansion processes in turbines high pressures of 
more than 15 to 200 bar have to be generated since in turbines the pressure ratio of 
the expansion is essential for the efficiency to be reached. This is the main reason 

20 that in large expansion turbines the vapor is expanded into a vacuum whereby the 
condensation occurs at relatively low temperatures around 40° C. The condensation 
heat created during condensation is dissipated by means of cooling systems in a 
heat exchange process. This condensation heat, dissipated as waste heat, is 
essential in determining the efficiency to be achieved in thermal expansion processes 

25 with turbines. 

Prior art transformation systems with organic solvents as working fluids (ORC 
systems, Organic Rankine Cycle) or the Kalina process with a mixture of water and 
ammonia are also based on the above vapor energy process using vaporization and 
condensation; they are only technical modifications so that either lower temperature 
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or pressure levels can be used and /or to increase the efficiency by means of a better 
heat utilization in the boiling range. 

It is therefore an object of the present invention to create a method and an apparatus 
for converting heat energy to mechanical energy while avoiding the above drawbacks 
5 and achieving, in particular, an improved efficiency. 

To fulfill this object a method with the features in claim 1 is proposed. Preferred 
embodiments are defined in the dependent claims. 

It is provided according to the present invention that the expansion device is 
designed as a low-pressure expansion device which is formed as a roots blower 

10 (roots pump/roots rotary positive blower) in which the working fluid is expanded and 
at the same time heat energy is converted to mechanical energy. However, the roots 
blower as a low-pressure expansion device has the advantage according to the 
present invention that it can work with a lower gas friction and at the same time is 
unaffected by liquid droplets. The roots blower, at rotary speeds at which the sealing 

15 edge on the outer radius reaches velocities of more than about 1/10 of the speed of 
sound, achieves a particularly high volumetric efficiency since the gap acts as a 
dynamic seal at these velocities. The roots blower, which can be in the form of a 
lobed impeller pump, can work at its full efficiency with a pressure differential of 500 
mbar and be used in a closed system at pressures of between 10 and 0.5 bar. 

20 Another advantage is that in the above expansion device only the pressure 

differential is essential for the efficiency rather than the mass or the expansion ratio. 
A full efficiency can be reached already with small pressure differentials of less than 
2 bar. The physical reason lies in the long effective time of about 95% in the pump, 
since the process is not a conventional expansion in the sense of a compressor, but 

25 the expansion occurs by the gas exiting into the pressure joint There is no inflow and 
outflow accompanied by an increase or a decrease of the suction volume in the roots 
blower, but the gas inflow is parallel to the transport of the gas via the rotary motion 
while the volume remains constant and thus with full efficiency. The roots blower and 
other comparable low-pressure expansion devices according to the present invention 

30 are advantageous with respect to other expansion devices in which the pressure 
variation occurs by changing the suction volume itself As a result the effective time 
of that device is much shorter. During the expansion process the heat energy of the 
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evaporated working fluid is at least partially converted to mechanical energy. 
Advantageously the roots blower is coupled to a generator for converting the 
mechanical energy to electric energy. 

According to the present invention the expanded working fluid can be condensed in a 
5 heat exchanger. In another embodiment of the present invention at least part of the 
condensed working fluid, such as up to 16% of the mass percentage, can be injected 
into the roots blower during the expansion process wherein, according to the present 
invention, the injected working fluid partially condenses the vapor during heat 
exchange in the roots blower and therefore increases the effective pressure 
10 differential of the expansion. In a possible alternative, a separator, downstream of the 
heat exchanger, extracts part of the condensed working fluid for injection into the 
roots blower. Suitably, a pump, in turn downstream of the separator, recycles the 
condensed working fluid into the evaporator. 

» 

According to another embodiment of the invention, the injection is pressure-controlled 
15 in order to prevent any liquid damage from the impact of droplets on the fast rotating 
pistons. 

Advantageously the method comprises a first component of the working fluid formed 
as a mixture which is absorbed in and/or downstream of the low-pressure expansion 
device by means of an absorption fluid; in the process heat is transferred to the 

20 remaining, evaporated second component, which is recyclable. In one embodiment of 
the invention, the mixture is azeotropic at a certain mixing ratio of the components 
with a minimum boiling point. Depending on the type of azeotropically evaporating 
mixtures with a minimum boiling point, the vaporization temperatures may be lowered 
so that they are below the condensation temperatures of the individual components. 

25 If the first component is adiabatically absorbed from the vapor mixture, the 

corresponding heat is transferred to the second component remaining evaporated. 
The withdrawal of the condensation heat can therefore be carried out at a higher 
temperature level. With suitably chosen azeotropic mixtures, in particular, the second 
evaporated component can be condensed in the evaporator of the working fluid itself 

30 while giving off the condensation heat so that the corresponding percentage of the 
heat energy can be recycled into the process. If the first component to be absorbed is 
water, for example, an alkaline silicate solution can be used as the absorption fluid. 
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ln another embodiment, the working fluid, for example, an azeotropic mixture of water 
with perchloroethyiene or silicone, can be evaporated, for example, by means of heat 
exchange with primary energy from process vapors or heated process liquids and/or 
heat stores. The absorption during which according to the present invention the 

5 absorption heat generated is transferred to the second component remaining 

evaporated, thereby heating this component to a temperature level above the boiling 
point of the azeotropic mixture, can be carried out in and/or downstream of the 
expansion device. One of the essential advantages is that by expanding the 
azeotropic mixture in the roots blower, mechanical energy can be "gained" and at the 

10 same time the expanded working fluid which has already "done work" in the 
expansion process is heated due to the absorption heat it generated during the 
separation (absorption) of the first from the second component. Herein the remaining 
working fluid can be recycled after expansion, for example, to give off its heat in the 
heat exchanger. In one embodiment of the present invention it is possible, for 

15 example, for the remaining working fluid (second component only) to be fed into the 
heat exchanger (evaporator) in which the remaining working fluid is condensed and, 
due to the condensation heat generated, the liquid working fluid is evaporated with 
the first and the second component and subsequently recycled into the expansion 
device. As a result, according to the present invention, the efficiency of the method 

20 for converting heat energy to mechanical energy can be substantially improved. 

The working fluid is preferably formed by an azeotropic mixture with a minimum 
boiling point, or by a nearly azeotropic mixture. In the following the present invention 
will be described with reference to an azeotropic mixture, while the present invention 
can, of course, also relate to nearly azeotropic mixtures or non-azeotropic mixtures. 
25 High efficiencies can be achieved in particular with an azeotropic or near azeotropic 
mixture. Depending on the type of azeotropic mixture, evaporation temperatures can 
be lowered, so that they are below the evaporation temperatures of the individual 
components. 

In a preferred embodiment the working fluid has a low volume-specific or low molar 
30 evaporation enthalpy. It is thus possible to achieve the generation of a great amount 
of drive vapor with a given amount of heat energy. Preferably the working fluid is a 
solvent mixture containing organic and/or inorganic solvent components. These can 
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be f for example, mixtures of water and selected silicones. Preferably at least one 
component may be a protic solvent. 

In an alternative embodiment the absorption fluid is a reversibly immobilizable solvent 
which, in the non-immobilized aggregate state, is the first component of the working 
5 fluid. The reversible solvent in the boiling working fluid can change advantageously 
by means of physico-chemical changes in such a way that it can be changed from 
the non-immobilized state to the reversibly immobilized state by ionizing or complex 
formation from the vapor phase, and can act as an absorption fluid for the working 
fluid in the non-immobilized form. This is how the evaporated working fluid already 

10 contains the absorption fluid (in the non-immobilized state) prior to expansion. The 
reversibly immobilized solvent is in an evaporated aggregate state and assumes the 
liquid state by physico-chemical changes, such as pH shift, change of mole fraction 
and the temperature in its volatility and/or in its vapor pressure (which can be 
compared to vapor as a solvent in its non-immobilized form and water as a reversibly 

15 immobilizable solvent). This is advantageous in that the working fluid consists of two 
components, wherein the one component in the reversibly immobilized state acts at 
the same time as an absorption fluid for the other component. Cyclic nitrogen 
compounds, such as pyridines, can be used, for example, as pH-dependent 
reversibly immobilizable solvents. 

20 The object of the invention is also fulfilled by an expansion device for converting heat 
energy to mechanical energy by expanding an evaporated working fluid having the 
features of claim 15. Preferred embodiments are defined in the dependent claims. 

According to the present invention it is provided that the expansion device is a low- 
pressure expansion device, here formed as a roots blower. Herein two rotators run in 

25 mesh with each other on elliptical or oval shaped rolling curves. Prior art examples 
are the lobed impeller pump or the roots blower. Higher-order elliptical rolling curves 
can be realized by means of multi-blade rotors. An advantage of roots blowers having 
multi-blade rotors is, for example, that effective pulsations can be reduced, since the 
chamber volume is smaller with respect to the suction volume and the frequency of 

30 the gas ejection is increased. Suitably, the roots blower has a gas-tight seal between 
the suction chamber and the drive chamber in order to prevent oil from being 
introduced into the evaporated working fluid. The roots blower also has a shaft that 
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can be coupled with a generator wherein the mechanical energy can be converted to 
electric energy. The use of a roots blower as a low-pressure expansion device makes 
it possible, in particular when using waste heat having a temperature of less than 
about 100° C, for driving for example pumps or generators, on the one hand to 
5 contribute to the process by injecting absorption fluids and on the other hand, due to 
the low pressure and temperature differentials, to increase the condensation energy 
of the working fluid, such as by means of a heat pump, back to a higher temperature 
level. 

Further advantages, features and details of the present invention can be derived from 
10 the following description in which an advantageous embodiment of the present 
invention is described in detail with reference to the accompanying drawing. The 
features mentioned in the claims and in the description can be essential for the 
present invention singly or in any combination. 

Figure 1 shows a method for converting heat energy generated in an evaporator 6 to 
15 mechanical energy by expanding an evaporated working fluid which is evaporated in 
evaporator 6 and expanded in a low-pressure expansion device 2. The working fluid 
in the present embodiment is water which is fed to expansion device 2 which is 
formed as a roots blower 2 in its evaporated aggregate state. During the expansion 
process the heat energy contained in the working fluid is converted to mechanical 
20 energy in roots blower 2. Roots blower 2 is coupled to a generator 1 and drives it, 
thereby converting mechanical energy to electric energy. 

The expanded driving vapor is condensed in a heat exchanger 7. Preferably 
evaporator 6 is connected to heat exchanger 7, wherein the condensate is recycled 
into evaporator 6 by means of a pump 9. 

25 Heat exchanger 7 is downstream of a separator 3 which extracts part of the 
condensed working fluid for injection into roots blower 2. Roots blower 2 has a 
plurality of injection openings (not shown) through which the condensed working fluid 
is injected into the suction chamber of roots blower 2, wherein part of the evaporated 
working fluid is condensed in roots blower 2, whereby the output pressure is reduced 

30 and therefore the efficiency is improved. Due to the pressure differential with respect 
to heat exchanger 7 coupled to the outlet of roots blower 2, the rotors arranged in 
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roots blower 2 are driven by the working fluid being expanded, and the change in 
entropy accompanying the expansion is given off as mechanical energy. A pump 9 is 
downstream of separator 3, which recycles the condensed working fluid into 
evaporator 6. 
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List of Reference Numerals 

generator 

expansion device, roots blower 

separator 

evaporator 

heat exchanger 

pump 



